32 Avenue of the Americas, New York, NY 10013-2473, USA Cambridge University Press is part of the University of Cambridge.
It furthers the University's mission by disseminating knowledge in the pursuit of education, learning, and research at the highest international levels of excellence.
www.cambridge.org Information on this title: www.cambridge.org/9780521769419
© Rajesh P. N. Rao 2013
Th is publication is in copyright. Subject to statutory exception and to the provisions of relevant collective licensing agreements, no reproduction of any part may take place without the written permission of Cambridge University Press.
First published 2013
Printed in the United States of America A catalog record for this publication is available from the British Library.
Library of Congress Cataloging in Publication data
Rao, Rajesh P. N. Brain-computer interfacing : an introduction / Rajesh P. N. Rao.
pages cm Includes bibliographical references and index. ISBN 978-0-521-76941-9 (hardback) 1. Brain-computer interfaces. I. Title. QP360.7.R36 2013 573.8′60113-dc23 2013009994 ISBN 978-0-521-76941-9 Hardback Additional resources for this publication at bci.cs.washington.org
Cambridge University Press has no responsibility for the persistence or accuracy of URLs for external or third-party Internet Web sites referred to in this publication and does not guarantee that any content on such Web sites is, or will remain, accurate or appropriate. 
Overview of the Book
Th e book provides an introduction to the fi eld of brain-computer interfacing (the fi eld also goes by the names of brain-machine interfacing, neural interfacing, neural prosthetics , and neural engineering ). Several extremely useful edited volumes have been published on this topic over the past few years (Dornhege et al., 2007 ; Tan and Nijholt, 2010 ; Graimann et al., 2011 ; Wolpaw & Wolpaw, 2012 ) . Th ere has, however, been a growing need for an introductory textbook aimed specifi cally at those who do not have an in-depth background in either engineering or neuroscience. Th is book aims to serve this need. It can be used as a textbook in upper-level undergraduate and fi rst-year graduate courses on brain-computer interfacing and neural engineering. It can also be used for self-study and as a reference by researchers, practitioners, and those interested in joining the fi eld.
Preface xiv
Th e book introduces the reader to essential ideas, concepts, and techniques in neuroscience, brain recording and stimulation technologies, signal processing, and machine learning before proceeding to the major types of BCIs and their applications. Exercises and questions at the end of each chapter provide readers with the opportunity to review their knowledge and test their understanding of the topics covered in the chapter. Some exercises (marked by the expedition icon ) allow the student to go beyond what is discussed in the textbook by following leads in research publications and searching for new information on the Web.
Th e book is organized as follows: Chapters 1 through 5 of the book provide the necessary background in neuroscience and quantitative techniques to understand the terminology and methods used in building BCIs. In Chapter 6 , we begin our journey into the world of BCIs by learning about the basic components that go into building a BCI. Th e next part of the book introduces the reader to the three major types of BCIs classifi ed according to degree of invasiveness. Chapter 7 describes invasive BCIs, which utilize devices implanted inside the brain. Chapter 8 describes semi-invasive BCIs, which are based on nerve signals or devices implanted on the surface of the brain. Chapter 9 covers noninvasive BCIs such as those that record electrical signals from the scalp (EEG). Chapter 10 reviews BCIs that stimulate the brain in order to, for example, restore lost sensory or motor function. Chapter 11 introduces the most general type of BCIs, namely, BCIs that both record from and stimulate the brain. In each case, examples of classic experiments as well as the stateof-the-art technologies (circa 2013) are presented. Chapter 12 reviews some of the major applications of BCIs, and Chapter 13 considers the ethical issues pertaining to the development and use of BCI technology. We conclude in Chapter 14 with a summary of some of the limitations of present-day BCIs and speculate on the future of the fi eld. Th e book also includes an Appendix that provides basic mathematical background in linear algebra and probability theory useful for understanding and implementing BCIs.
Web Site
Th e Web site for the book is bci.cs.washington.edu.
Since BCI is a rapidly growing fi eld, the Web site will maintain a periodically updated list of useful links related to BCI research.
Additionally, given that this book contains upward of 101,000 words, it is very likely that errors and typos have crept in unbeknownst to the author. Th erefore, any errors or typos brought to the notice of the author by discerning readers will be maintained in an up-to-date errata on the book Web site.
Cover Image
Th e image on the book's cover depicts a human brain in action when controlling a cursor with an electrocorticographic BCI (see Section 8.1 ). Th e bright red region on the www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-0-521-76941-9 -Brain-Computer Interfacing: An Introduction Rajesh P.N. Rao Frontmatter More information Preface xv brain indicates increased activity in the hand area of the motor cortex when the subject imagined hand movement to move the cursor toward a target on the computer screen. Th e image was generated by Jeremiah Wander, Bioengineering graduate student and member of the Grid Lab and Neural Systems Lab at the University of Washington.
